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AN INTEGRATED CABLE AND CELLULAR NETWORK 

BACKGROUND OF THE INVENTION 
This invention relates to an integrated cable and cellular network for 
telecommunications. More particularly, the invention is directed to systems and 

5 methods that provide seamless mobility through cable and wireless (e.g. cellular) 
communication networks to allow users to use a single mobile phone in all 
circumstances. The system takes advantage of a variety of features of cellular or 
wireless systems, residential systems, cellular or wireless distribution networks, 
mobile switching centers, and cable networks. Users access services according to 

10 the present invention through a combined wireless-wired infrastructure in the 
residence connected to wireless communication networks. 

While the invention is particularly directed to the art of integrating cable 
and wireless technology for the purpose of establishing telephone service, and will 
be thus described with specific reference thereto, it will be appreciated that the 

15 invention may have usefulness in other fields and applications. For example, the 
invention may be used to establish a variety of telecommunication services 
beyond telephone service. Another example is the application of the invention on 
other access media other than cable, e.g., ADSL or asymmetrical digital subscriber 
line. 

20 By way of background, many wireless telephone users presently make use 

of wireless telephones when they are in an automobile or otherwise away from 
their residence. In their homes, these users typically maintain the traditional 
"plain old telephone system (POTS)" service. As a result, the user must subscribe 
to more than one service, e.g. wireless service, local telephone service, and long 

25 distance service. It would therefore be desirable for these users to exclusively use 
only one phone service. 

Until only recently, wireless telephone technology was not conducive to 
exclusive use for the vast majority of users. For example, for the first few years 
after introduction of the technology to the mass marketplace, wireless telephone 

30 batteries did not hold a charge for extended periods of time. Significantly, though, 
wireless telephones now have the capability of operating for a week or more 
without recharging. As such, wireless technology is becoming increasingly more 
conducive to exclusive use by users. However, a primary difficulty that arises — 
particularly when a high volume of wireless telephone users use wireless 
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telephone service exclusively in a limited geographic region — is that sufficient 
bandwidth is not available on the public wireless systems to accommodate such 
extensive use. Another deficiency of today's wireless networks is inadequate 
coverage in the residential areas. It happens often that users of mobile phones do 
5 not obtain a satisfactory signal level around their homes to receive and originate 
phone calls. 

In addition, cable telephone systems have been suggested as alternative to 
POTS service. However, in cable systems, it is technically challenging to provide 
a significant feature of POTS - lifeline capability. That is, traditional telephone 

10 service is considered to be a lifeline to residences because power that is used to 
operate basic telephones in the residence is supplied through the central office of 
the telephone system. This manner of supplying power is feasible because power 
requirements of traditional telephones is minimal. So, even in the case of power 
outages in or to the residence, telephone service remains intact. Cable telephony 

15 systems, however, require a significantly greater amount of power to operate in 

the home. The power required is of a level that cannot be easily and economically 
supplied by the cable service provider as is the case with the central office. Thus, 
if the residence loses power, the cable system will not operate in that residence 
without a backup arrangement. A typical approach today is to use backup 

20 batteries in the residences to provide a few hours of operational time in the case of 
power outage. However, this approach adds significant cost and maintenance 
overhead. Therefore, it remains technically and economically challenging to offer 
lifeline services on cable telephony systems. 

The present invention contemplates a unique integrated cable/cellular 

25 network that resolves the above-referenced difficulties and others. 

SUMMARY OF THE INVENTION 
This invention relates to an integrated cable and cellular network for 
telecommunications. More particularly, the invention is directed to a system and 
methods that provide seamless mobility through cable and wireless (e.g. cellular) 

30 communication networks to allow users to use a single mobile phone everywhere. 
Users are connected to the communication networks through public base stations 
when they travel on the road and are connected through personal base stations 
when they enter residential areas, e.g., their own homes or friends' and relatives' 
homes, where they are provisioned to make phone calls from. The system 

35 integrates a cellular or wireless communication network including at least one 
public base station with a cable communication network including at least one 



2 



distribution hub, and the subtending hybrid fiber-coaxial (HFC) network and CPE, 
connected to the wireless communication network to provide telephone service. 

In one aspect of the invention, the system comprises an interface unit 
operative to provide an air interface to the cable communication network and a 

5 handset unit operative to select one of a first communication channel for 

communication through the interface unit and a second communication channel 
for communication through the public wireless network. 

A primary advantage of the present invention is that cable telephony and 
cellular/wireless access is unified, resulting in a single, reliable phone service for 

1 0 users that presently subscribe to a variety of services. 

Advantages of the invention from the perspective of the cable service 
provider include increased mobility and a form of "life-line" capability for its 
telephony services. From the perspective of the cellular/wireless provider, 
advantages include improved quality of voice and data services, extended 

15 coverage area, and conservation of bandwidth. 

Further scope of the applicability of the present invention will become 
apparent from the detailed description provided below. It should be understood, 
however, that the detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of illustration only, 

20 since various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art. 

DESCRIPTION OF THE DRAWINGS 
The present invention exists in the construction, arrangement, and 
combination of the various parts of the device, and steps of the method, whereby 
25 the objects contemplated are attained as hereinafter more fully set forth, 
specifically pointed out in the claims, and illustrated in the accompanying 
drawings in which: 

Figure 1 is a schematic view of an exemplary network which incorporates 
the system according to the present invention; 
30 Figure 2 is an illustration showing allocation of system IDs according to 

the present invention; 

Figure 3 is an illustration showing allocation of communication channels 
according to the present invention; 

Figures 4(a)-(c) illustrate embodiments of the present invention; 
35 Figures 5(a)-(b) illustrate alternative embodiments of a personal base 

station system according to the present invention; 
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Figures 6 and 7 are flow charts illustrating the steps for a call originating 
with a mobile phone according to the present invention; 

Figure 8 is a flow chart illustrating the steps for a call according to the 
present invention whereby the mobile phone is the destination for the calls; 

Figure 9 is a flow chart illustrating a method for originating a call in the 
service area of the personal base station according to the present invention; 

Figure 10 is a flow chart illustrating a method for a hand-off from a 
residential system to a public wireless system; and, 

Figure 1 1 is a flow chart illustrating a method for a hand-off from a 
residential system to a residential system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings wherein the showings are for purposes of 
illustrating preferred embodiments of the invention only and not for purposes of 
limiting same, Figure 1 provides a schematic view of an exemplary network to 
which the overall preferred system according to the present invention is applied. 
As shown, a network 10 includes a plurality of residences or homes 12 connected 
via a hybrid fiber coaxial (HFC) link 14 to a distribution hub 16. The distribution 
hub 16 is a component of a cable communication network 18 that may take a 
variety of well-known forms but, as shown, is an optical network, synchronous 
optical network (SONET), synchronous digital network (SDH) or analog radio 
frequency (RF) ring network and includes another distribution hub 20 and a 
headend 22. The headend 22 connects the network 1 8 to another similar network 
24, which as shown is also an optical/SONET/SDH/analog RF ring network. The 
network 24, like the network 18, may take a variety of well-known forms but, as 
shown, includes a distribution hub 26 connecting to a mobile switching center 
(MSC) 28 and a publicly switched telephone network (PSTN) 30. The network 24 
may also include, as examples, another headend connection 32 and still another 
headend 34 for connection to the Internet 36. 

The HFC link 14 advantageously incorporates a fiber node 40 and a two- 
way coaxial plant 42. In addition, the distribution hub 20 is preferably connected 
to public wireless base stations 50 that have respective antennas 52 connected 
thereto. Of course, it is to be appreciated that the base stations 50 may be 
incorporated into the network in a variety of ways that are well known in the art. 
For example, as shown, the base stations are directly linked to the distribution hub 
20 but, alternatively, these base stations may be indirectly linked to the network. 
It should be further appreciated that a distribution network may be defined in the 
network 10 as providing connectivity between the cable communication network 
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and the wireless communication network. The distribution network may take a 
variety of forms depending on the system but typically includes portions of the 
cable and wireless networks that provide the desired connectivity. 

In addition, the network according to the present invention has provided 

5 thereto a database structure, as preferably shown at 29 in the MSC 28, that is used 
to store user information that is useful for identification and tracking of users. 
Preferably, such database structures are located as shown; however, the location 
may vary depending on the precise configuration of the network. Indeed, it is 
known to utilize database structures in wireless, communication networks; 

10 however, according to the present invention, the known databases are modified to 
accommodate the features thereof, as will be more particularly detailed below. 

Referring now to Figure 2 (and with continuing reference to Figure 1), it 
can be seen that the network 10 as shown in Figure 1 is distributed among 
components that are located in any one of a plurality of zones defining wireless 

15 coverage. Each such zone has assigned thereto a unique public system 

identification code, such as SID1, SID2 and SID3. In addition, each home or 
residence, such as those shown at 12, has a residential system identification code, 
i.e. RSID 1, RSID2, ... etc., assigned thereto. It is to be appreciated that public 
wireless coverage over a single public zone typically encompasses a plurality of 

20 the residential zones or systems. 

With reference to Figure 3, it is to be recognized that the public wireless 
zones actually correspond to particular sets of frequencies, or communication, 
channels. For example, the zone identified by SID1 is assigned a set of channels, 
fl 1, fl2, fin. The zone identified by SID2 is assigned a set of channels, f21, 

25 £22, f2m. The plurality of residential zones, identified by RSID1 , RSID2, . . . 

etc, are assigned frequencies from a set of channels frl 1, frl2, frlp. Note that, 
in Figure 3 the possibility of frequency reuse among the residential systems is 
shown. It should be recognized that a variety of schemes to maintain separation 
between public channels and residential channels are available. Alternatively, 

30 channels may be dynamically assigned and controlled if both public and 

residential system operators are the same and the public system and residential 
system are tightly coupled. It is also important to note that the channels assigned 
to the adjacent cells of SID2 can be reused by the RSIDs located inside of SID2 
coverage area, thus providing higher bandwidth efficiency. 

35 Certain features of the network, e.g. public system and residential system 

identification codes, discussed in connection with Figures 2 and 3 are presently 
contemplated by the time division multiple access (TDMA) standard. That is, the 
concepts of a public system identification (SID) code, a private system 
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identification (PSID) code -- which (although not specifically discussed in 
connection with Figures 2 and 3) would be operative to service, for example, a 
building or campus, and a residential system identification (RSID) code are 
provided for by present TDMA standards. Indeed, wireless telephones 

5 manufactured under these standards typically include registers to store the codes 
and corresponding logic to effect hand-off between these systems. However, in 
these phones, the functions associated with distinguishing between different 
systems, e.g. public system, private system, or residential system, are simply not 
activated for purposes of allocating bandwidth on the available frequency 

10 spectrum. Therefore, the present invention finds particular advantageous 

application using such phones. It should be noted that the present invention also 
applies to other access and coding schemes, such as CDMA. 

According to the present invention, the user is able to use a single phone 
for both mobile and residential purposes. Preferably, if a user is in his/her 

15 residence, i.e. in his/her own residential system where access to the user's 

personal base station system (as will be described hereafter) is allowed, or in 
another residence, i.e. in another residential system in which the user is allowed to 
be connected through a personal base station in that residence, the phone will 
register onto that residential system using its RSIDs, notwithstanding the presence 

20 of a public system. According to the present invention, the RSIDs have the 

highest priority for registration. The mobile phone handset will only select the 
public system using a SID if the phone is located outside the coverage of its 
assigned RSIDs. 

It is to be appreciated that information on RSIDs, PSIDs and SIDs is stored 
25 in the database structure noted above. Database entries corresponding to these 
identification codes facilitate the association of users with appropriate codes for 
purposes of registration, identification and tracking. Database entries are also 
provided to allow multiple users to register onto a single residential system. For 
example, a user residing within a residential system may permit friends, family, 
30 etc. to register onto his/her residential system if the friend/family member is in the 
residence. 

With reference now to Figure 4(a), at least one of the residences 12 of 
Figure 1 is shown in more detail, for example, as being equipped with a cable 
modem 100 that connects an internet phone 102, a computer 104, and a phone 106 
35 (through a multimedia terminal adapter (MTA) 1 08 that provides telephone, and 
other services) to the cable system through the HFC link 14. In addition, a 
personal base station interface unit 1 1 0 having an antenna 1 1 1 is connected to the 
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cable system. It should be appreciated that the cable modem 100 and the base 
station interface unit 1 10 may be separate units or a single unit. 

The interface unit 1 10 is capable of facilitating communication between a 
handset unit 1 12 and the cable communication network 18 through an air interface 

5 via the antenna 111. It should be appreciated that, in this embodiment, the 
interface unit 110 comprises a "front end" of an overall personal base station 
system. The "back end" of the personal base station system, as will be described 
below, is located in distribution hub 16 and preferably serves a plurality of "front 
end" interface units. In this embodiment, the output of the "back-end" provides a 

10 digital interface with the distribution network, which may take a variety of forms. 
The "back-end" may also be located in a head end of the network if the 
configuration so dictates. 

Other components of Figure 4(a) generally reflect those shown in Figure 1. 
More specifically, referring now to Figure 4(b), the general structure of the 

15 database 29 that is preferably included in the mobile switching center 28 is shown. 
The database 29 is a home location register-user database and, according to the 
present invention, includes public network data, private network data, and 
residential network data, and functions to facilitate location and tracking of users 
for purposes of registration. As shown, the public network data 429 includes 

20 system identification codes (SIDS) and electronic serial numbers (ESNs)for 
"home" users. If a user registers in this particular location but has a different 
home location, then the home base of the user is contacted using the SID 
information output by the user's phone. It should be appreciated that subscriber 
identity modular (SIM) cards are also accommodated by the database, as well as 

25 wireless application platform (WAP) devices that have only data (no voice) 

functions, as shown in the figure. The SIMs devices utilize identification codes 
(SIMIDs) and the WAP devices likewise utilize electronic identification numbers 
(EIN) and Internet protocol (IP) information in the registration process. 

Private network information 430 includes, for example, PSID 1, PSID 2, 

30 PSID 3, PSID 4, PSID 5 wherein each PSID is associated with the SID of the 

surrounding public network. Residential network data 43 1 includes, for example, 
RSID 1, RSID 2, RSID 3, RSID 4, RSID 5 wherein each RSID is associated with 
the SID of the surrounding public network. 

As further shown, combinations that are acceptable to register using this 

35 database are a match of any SID, PSID, or RSID. If only PSIDs or RSIDs match, 
information about the surrounding SID is forwarded to the appropriate location, as 
those skilled in the art will appreciate. 
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In operation, and as will be described in further detail below, the handset 
unit, which is preferably a wireless or cellular phone, selects a frequency channel, 
under the control of logic and software implemented therein, for registration based 
on its location and the identification codes stored therein. For example, if the 
5 mobile phone is in the residence of the user, i.e. in the residential system occupied 
by the interface unit 1 10, the phone selects a first communication channel for 
communication through the interface unit. However, if the handset is not located 
in the residential system but is instead located in a public zone, the handset selects 
a second communication channel for communication through a corresponding 
10 public base station. 

In these circumstances, the residential system has the highest priority for 
the mobile phone. This highest priority is maintained even though, from a simple 
power standpoint, the signal for the public system will be stronger than the 
residential signal. Accordingly, the mobile phone is preferably programmed to 
1 5 select the residential communication channel when the phone is in a sufficiently 
close proximity to the interface unit, regardless of the amplitude of the public 
system signal. However, when the phone is located away from the interface unit, 
the public system communication channels are selected. This is accomplished 
through manipulation of the stored identification codes and suitable logic and/or 
20 programming. Modifications to current wireless phone technology to 

accommodate this hierarchy of registration could be accomplished as well. 

Of course, it should be appreciated that, if the interface unit is inoperative 
in the residential system, for example, in the case of local power outage, the 
handset unit will simply select the second communication channel corresponding 
25 to the available public system in which the residence is located. This feature 

provides the desired "lifeline" capability that is absent from the cable telephone 
systems that exist today. 

More particularly, with reference now to Figure 4(c), the data structure and 
logic, i.e. the network access method, of the handset 1 12 is shown. As illustrated, 
30 the data structure includes public network information 450, private network 

information 451 and residential network information 452. The handset 112 also 
includes a memory structure and processing capability to store and implement 
logic and algorithm 453. The public network information 450 includes public 
system identification SID (inserted by service provider), electronic serial number 
35 (which is part of the phone), and, if appropriate, an identification code for a 

subscriber identity module SIMID, an electronic identification number (EIN) for a 
WAP device and an internet protocol (IP) code (inserted by a service provider). 
The private network information 451 includes PSID 1 - PSID 5 in priority order. 



These numbers are inserted by the organization providing the private network, e.g. 
work places and the like. In addition, a subscriber identity module (SIM) card 
may be used to store this information. The residential network information 452 
includes RSID 1 - RSID 5 stored in priority order and inserted by the user or 

5 service provider to identify residences where the user may register. Likewise, a 
subscriber identity module (SIM) card may include this information. 

The logic and algorithm 453 of the handset is as follows. The handset 12 
first searches to determine if an RSID is available and, if it is, registers using the 
RSID. This search occurs in priority order. In this regard, the phone also 

10 broadcasts the surrounding SID. If no RSID match occurs, a search for a PSID is 
initiated. This search occurs in priority order. If found, by the handset, the phone 
is registered using that PSID. If a PSID match does not occur, then a search for a 
public SID is initiated. It should be noted that if a match occurs using any RSID 
or PSID, information about the surrounding public network is also provided by the 

15 handset. 

With continuing reference to Figure 4(a), as shown, the distribution hub 16 
according to this embodiment will preferably include a bandwidth manager 120 
that connects a video multiplexer 122, a cable modem termination system CMTS 
124, and a centralized personal base station device 126 that comprises the above- 

20 referenced "back-end" of the personal base station system that communicates with 
the "front-end" of the system, i.e. personal base station interface unit 110. It 
should be appreciated that the centralized base station device 126 will preferably 
serve a plurality of interface units in a plurality of residences, such as the one 
identified by 1 10. In addition, as noted above, the "back-end" could alternatively 

25 be located in a head end unit. 

More particularly, as shown in Figure 5(a), the personal base station 
interface unit 110 shown in Figure 4 includes a radio subsystem 150 with the 
antenna 1 1 1 extending therefrom. Also included in the front-end of the personal 
base station system is a down block converter 154 and an up block converter 156 

30 for effective communication on the HFC link 14. The front end of the personal 
base station system makes use of the air interface between the antenna 1 1 1 and 
the hand set unit, or mobile phone, 1 12 to establish communication between the 
phone and the personal base station system. The converters 154 and 156 facilitate 
block conversions to allow for communication between cellular/wireless 

35 frequency bands and available bandwidth on the cable system. If the personal 
base station interface unit 1 10 , the central base station device 126, and the 
bandwidth manager 120 are loosely coupled, i.e., without real-time 
communication and coordination, a fixed block of the available spectrum on the 
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cable system may be assigned thereto. However, if the personal base station 
interface unit 1 10 ,the centralized base station 126, and the bandwidth manager 
120 are tightly coupled, a dynamic spectrum assignment is possible, allowing 
integrated spectrum management. 
5 Preferably, the personal base station interface unit 1 1 0 is assigned a 

limited amount of cable bandwidth for service. For example, 2 x 30 KHz in each 
direction may be assigned. Integrated bandwidth management can then be 
accomplished by the cable bandwidth manager 120, which can dynamically adjust 
bandwidth allocation according to traffic demand, as those of skill in the art will 
10 appreciate. With this arrangement, a group of personal base station interface units 
such as that designated by 1 10 can share a certain number of 30 KHz channels. 
The actual bandwidth assignment would depend on network topology, traffic 
demand, available cable bandwidth, available bandwidth over an air interface, 
...etc. Preferably, the frequency assignments would be accomplished in such a 
15 way to provide best possible quality and maximized efficiency. 

As to the mobile phones 1 12, such units would be assigned channels over 
the air interface according to particular standards. These mobile phones could be 
provisioned with a single RSID or multiple RSIDs in a priority order, as shown in 
Figure 4(c). Of course, these RSIDs would be stored in an appropriate register or 
20 location with the phone 112. If a single RSID is provisioned, the user would be 
considered "roaming" when making phone calls from other houses provisioned 
with different RSIDs, authorized through Visiting Location Register (VLR). If 
multiple RSIDs are provisioned, a user would be considered to be calling from 
"home" when making phone calls from other houses provisioned with different 
25 RSIDs if authorized through Home Location Register (HLR). Another alternative 
for assigning channels to mobile phones 1 12 is to simply assign cordless standard 
when the user is inside his/her own household. 

As described above, the bandwidth manager 120 is connected to the 
centralized base station device 126, or the "back-end. In this regard, the 
30 bandwidth manager is connected to an up block converter 1 70 and a down block 
converter 1 72 which have a similar function as the converters 1 54 and 1 56. The 
bandwidth manager determines optimal allocation of cable bandwidth to a variety 
services (data, digital video, etc.) that coexist on the same HFC infrastructure. 
The bandwidth manager then instructs the two up/down converter pairs, one pair 
35 1 70, 1 72 in the distribution hub and the other pair 1 54, 1 56 in the residence, to 

translate wireless frequency allocation to and from cable frequency allocation. In 
addition, the centralized base station 1 26 also includes an air interface signal 
processing module 174 having therein a codec (i.e. encoder/decoder) 176, 
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modulator/demodulator 178, error detection/correction circuitry 180 and an 
equalizer 182. The form and function of these components are well known to 
those skilled in the field. As noted above, the centralized base station device 126 
may be shared by a group of households at a variety of RSID levels, e.g. a group 

5 of RSIDs or a group of a group of RSIDs. One of the primary functions of the 
central base station device 126 is to interconnect with a cellular local transport 
network through the distribution hub, or head end, depending on the specific 
needs in the geographic area. 

In operation, the handset unit 112 provides an analog signal to the radio 

1 0 subsystem 1 50 through the antenna 111. The analog signal is appropriately 
moved along the frequency spectrum by the converters 154/156 so that 
transmission along the HFC link 14 can be accommodated. The bandwidth 
manager 120 receives the analog signal, which is then again moved on the 
frequency spectrum by the converters 170/172. The air interface signal processing 

15 module 1 74 then processes and manages the analog signal by, among other 
functions, converting the signal to a digital signal to be presented to the 
distribution network at the output of the module 174. 

As an alternative to the personal base station system that includes a "front- 
end" such as the interface unit 110 and a "back end" that includes the centralized 

20 base station 126, a single, complete personal base station system that 

accomplishes all of the functionality of the front end and back end of the prior 
described system may be implemented. That is, instead of having an interface unit 
1 10 in a residence communicating with a centralized base station device 126 in a 
distribution hub to accomplish the logic and circuitry of the system of the present 

25 invention, each residence is alternatively equipped with a complete personal base 
station that accomplishes these tasks. The implementation of such a system 
depends largely on the local cable/cellular environment. Importantly, though, it 
should be recognized that a personal base station of this nature would preferably 
use digital transmission techniques to provide communication over the cable 

30 network. In this regard, the complete personal base station would include a 

variety of modules that are well known to those skilled in the art to facilitate this 
feature but, preferably, takes a form to include components such as the air 
interface signal processing module 74 of Figure 5(a). In this configuration, the 
interface unit provides a digital interface to distribution network which, in this 

35 embodiment, begins at the HFC link. 

Referring now to Figure 5(b), a complete personal base station system of 
this type is illustrated. As shown, the personal base station 1 10 includes a radio 
subsystem 1 50 with the antenna 1 1 1 extending therefrom. Also included in the 
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personal base station 1 10 in this embodiment is the air interface signal processing 
module 174 which includes a codec 176, a modulator demodulator 178, an error 
correction circuit 180, and an equalizer 182. This module 174, in the previously 
described embodiment, is a part of the centralized back end of the base station 

5 1 26. Connected to the module 1 74 is a cable modulator demodulator 1 90 that 
communicates with the HFC link 14. 

As noted above, the module 174 is located within the personal base station 
1 10 so there is no need for a centralized back end comprising the module 174. 
Therefore, the distribution hub 16 in this embodiment includes a bandwidth 

10 manager 120, connected to a cable modulator demodulator 192. Also connected 
to the bandwidth manager are CMTS 124, video remultiplexer 122, and other 
service routines 128. It should be noted that, in this embodiment, the block 
converters 154, 156, 170, and 172 are no longer necessary to effect 
communication between the personal base station and the cable system. 

15 It will be apparent to those skilled in the art that the embodiment 

illustrated in Figure 5(b) would simply replace the embodiment illustrated in 
Figure 5(a) in the network shown in Figure 4. Of course, this means that the 
distribution hub and the personal base station 1 10 illustrated in Figure 4 would 
resemble that of Figure 5(b) instead of that of Figure 5(a). 

20 In operation, a handset unit 12 provides an analog signal that is received 

by the radio subsystem 150 through the antenna 111. The air interface signal 
processing module 174 then processes and manages the analog signal by, among 
other functions, converting the analog signal to a digital signal to be output by the 
module 174. This digital signal is then converted to a digitally modulated analog 

25 signal by using a modulation scheme (e.g. Quadrative Phase Shift Keying 

modulation) in the modulator/demodulator 190. It is to be appreciated that the 
modulator/demodulator 190 is included within the cable modem. The digitally 
modulated analog signal is carried on the HFC link 14 to the bandwidth manager 
120. At this point, the signal is in the analog domain. The 

30 modulator/demodulator 192, which forms a part of the CMTS 124, then converts 
the signal to a purely digital signal for presentation to the rest of the network. In 
this embodiment, a distribution network, which may take a variety of forms, 
actually begins at the HFC link 14. 

Implementation of the present invention preferably includes providing 

35 methods for registration/authentication/authorization, for originating/terminating 
calls, and for handoffs between the residential systems and the public systems. 
These methods are implemented to allow for convenient operation of the invention 
for the user. For example, the user should be able to originate a call from any 
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location through any of the available systems. Further, once a call is active, the 
user should be able to experience a seamless transition when the mobile phone 
being used is transported between systems, e.g. between residential systems and 
the public system. 

5 An advantageous feature of the present invention is the programming of 

the phones so that the RSID stored therein is used in a manner to perform 
registration in a hierarchical manner. That is, if the phone is able to register on an 
available and appropriate residential system, it will do so irrespective of whether a 
public system signal may be stronger. The RSIDs have priority over all other 

10 identification codes in the phone. This was described in connection with Figure 
4(c) and is illustratively shown in Figures 7-9 by the flow diagrams comprised of 
the diamond-shaped blocks. Using Figure 7 as an example, suitable programming 
steps would include first determining if an RSID match occurs (step 750). If not, 
it is determined whether a PSID match occurs (step 752). Last, the phone 

1 5 attempts to lock on to a public system using its SID (step 754). Again, this 

hierarchy of registration is accomplished irrespective of whether the power of the 
public system is higher than the residential system at issue. 

It is to be appreciated that these methods, as well as others described 
herein, are implemented using a variety of software, hardware, and logic 

20 techniques that will be apparent to those skilled in the art upon a reading of this 
specification. Of course, it is to be further appreciated that these techniques may 
vary from one implementation to the next but still fall within the scope of the 
invention. 

Registration and authentication are preferably implemented using known 
25 standards as those skilled in the art will appreciate. As to call origination, 
however, with reference to Figures 6 and 7, a voice call originating with the 
mobile phone, or handset unit, 1 12 in a residential system or a public system and 
connecting to a circuit switch network, e.g. PSTN network, is described. As 
shown, the power for the handset 1 12 is turned on (step 602). The mobile phone 
30 then scans for a control channel, performs synchronizing functions, and stays on 
the selected channel (step 604). Periodic registration, based on a timer, is 
performed (step 606). In this regard, the mobile phone sends a message to the 
personal base station to confirm that its RSID matches the assigned, or broadcast, 
RSID, if the phone is located within a residential system at the time of 
35 registration. If a call is originated, the user dials the phone number of the party to 
be called and presses send (step 608). The mobile phone sends its own RSID, 
electronic serial number, and other registration perimeters to the base station in 
addition to the number of the party to be called. 
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Referring now to Figure 7, if no service is available, the system simply 
continues to scan to find service (step 702). If service is available, call origination 
begins (step 704). The user awaits connection from a mobile switching center. If 
no connection is established, a response is sent to the mobile phone 112 that the 

5 called party is unavailable and the call is directed to a destination mailbox (step 

706). If, however, a connection is made to a mobile switching center, a channel is 
assigned and then a ringing tone is sent to the mobile phone 1 12 to await 
acknowledgement (step 708). If no acknowledgement is received, step 706 is 
repeated. If, however, acknowledgement is received, conversation is initiated and 

10 traffic channel checks are initiated (step 710). If the call is terminated as a result 
of these checks, step 706 is repeated. If there is no termination, the call remains 
active (step 712). 

Referring now to Figure 8, a method for a call terminating at the mobile 
phone is shown. First, a determination must be made as to whether the mobile 

1 5 unit is successfully registered (step 802). If not, the caller to the mobile phone 
receives a mobile unavailable message (step 804). If the mobile phone is 
successfully registered, the call begins (step 806). If, however, acknowledgement 
is received, a channel is assigned and a ringing tone is sent to the mobile to await 
acknowledgement (step 808). If no acknowledgement is received, step 806 is 

20 repeated. If acknowledgement is received, conversation is initiated and traffic 
control checks are initiated (step 810). If the call is then terminated, step 806 is 
repeated. If there is no termination, the call remains active (step 812). 

Referring now to Figure 9, if a phone is powered "on" and a call is 
originated in the serving area of the personal base station interface unit, i.e. in the 

25 user residence, then a determination is first made as to whether service is available 
(step 902). Next, a determination is made whether there is a match of RSIDs (step 
904). If so, call origination begins (step 906). If no acknowledgement is received, 
the mobile phone is provided with a message indicating that the called party is 
unavailable. If an acknowledgement is received, a channel is assigned, a ringing 

30 tone sent to the mobile phone unit, and the acknowledgement awaited (step 910). 
If no acknowledgement is received, step 908 is repeated. However, if 
acknowledgement is received, conversation mode and standard traffic channel 
checks are initiated (step 912). If these checks are satisfactory, the call is kept 
active and handoff procedures are exercised (step 914). 

35 With respect to these handoff procedures, Figure 10 illustrates a hand-off 

from a residential system (e.g. personal base station) to the public wireless system. 
Initially, a determination is made as to whether the mobile phone is locked on to a 
traffic channel (step 1002). If not, channel reselection and rescanning is initiated 
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to evaluate control channel strength (step 1004). If the mobile phone is on a 
traffic channel, the personal base station sends a handoff list to the mobile phone 
and the mobile phone checks the signal strength on the channels and reports back 
to the personal base station (step 1006). If no handoff is possible, the steps are 

5 repeated. If a handoff is possible, the personal base station initiates a handoff to 
the public channel based on the current channels quality measurement (step 1008). 
The public base station then maintains the call (step 1010). 

Figure 1 1 illustrates a handoff from a residential system to a residential 
system. First, a determination is made whether the mobile unit is already on a 

10 traffic channel (step 1 102). If not, reselection is initiated until registration is 

possible (step 1 104). If the traffic channel is established, the personal base station 
sends a handoff list to the mobile unit and the mobile unit checks the signals 
strength on the channels and reports back to the personal base station (step 1 106). 
If no handoff is possible, the steps are simply repeated. If a handoff is possible, 

15 the personal base station initiates a handoff to the selected channel (step 1 108) and 
the call is maintained (step 1110). 

It should be appreciated, as shown in the Figures 7-11, that Mobile 
Assisted Hand-Off (MAHO) is used when a centralized personal base station 
device (as in Figure 5(a)) is implemented. Otherwise, a dedicated hand-off is 

20 used, as those of skill in the art will understand. 

The above description merely provides a disclosure of particular 
embodiments of the invention and is not intended for the purposes of limiting the 
same thereto. As such, the invention is not limited to only the above-described 
embodiments. Rather, it is recognized that one skilled in the art could conceive 

25 alternative embodiments that fall within the scope of the invention. 
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Having thus described the invention, we hereby claim: 

1 . A system for integrating a wireless communication network including at 
least one public base station with a cable communication network including at 
least one of a distribution hub and a head end connected to the wireless 
communication network to provide telephone service, a distribution network being 

5 defined that includes portions of the wireless communication network and the 
cable communication network, the system comprising: 

a personal base station system operative to manage and process analog 
communication signals and provide a digital network interface to the distribution 
network, the personal base station system including an interface unit operative to 

10 provide an air interface to the cable communication network; 

a hand set unit operative to select one of a first communication channel for 
communication through the personal base station system via the air interface 
provided by the interface unit and a second communication channel for 
communication through the at least one public base station; and, 

15 a data base structure positioned in one of the cable communication 

network and the wireless communication network and including identification 
data to facilitate communication through one of the first and second 
communication channels. 

2. The system as set forth in claim 1 wherein the personal base station system 
includes modules located within the interface unit operative to transmit digital 
signals over the cable communication network. 

3. The system as set forth in claim 1 wherein the personal base station 
interface unit includes a radio system operative to receive and transmit analog 
signals over the cable communication network. 

4. The system as set forth in claim 3 further comprising modules located in 
one of the distribution hub and the head end operative to receive the analog signals 
and transmit corresponding digital signals. 

5. The system as set forth in claim 1 wherein the handset has stored therein a 
residential system identification code and a public system identification code, 
which are reflected in the data base structure. 
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6. The system as set forth in claim 5 wherein the handset and data base 
structure are operative to select the first communication channel and the second 
communication channel based on the proximity and signal strength between the 
handset unit and the personal and public base stations. 

7. The system as set forth in claim 5 wherein the handset and customer data 
base structure are operative to select communication through a public base station 
when a serving personal base station system is not operative. 

8. The system as set forth in claim 1 wherein the identification data relates to 
registration, origination, termination, and handoff processes. 

9. A system for integrating a wireless communication network including at 
least one public base station with a cable communication network including at 
least one of a distribution hub and a head end connected to the wireless 
communication network to provide telephone service, a distribution network being 

5 defined that includes portions of the wireless communication network and the 
cable communication network, the system comprising: 

a personal base station system operative to manage and process analog 
communication signals and provide a digital network interface to the distribution 
network, the system including an interface unit to provide an interface to the cable 

10 communication network and a centralized personal base station device including 
an air interface signal processing module positioned in one of the distribution hub 
and the head end, the centralized personal base station device being operative to 
service a plurality of interface units; 

a hand set unit operative to select one of a first communication channel for 

15 communication through the personal base station system via the air interface 
provided by the interface unit and a second communication channel for 
communication through the at least one public base station; and, 

a data base structure positioned in the distribution network and including 
identification data to facilitate communication through one of the first and second 

20 communication channels. 

10. A system as set forth in claim 9 wherein the interface unit comprises a 
radio subsystem having an antenna. 

1 1 . The system as set forth in claim 9 wherein the interface unit comprises 
frequency conversion devices connected to an HFC link. 
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12. The system as set forth in claim 9 wherein the centralized personal base 
station device further comprises frequency conversion devices connected to the air 
interface signal processing module. 

1 3 . The system as set forth in claim 1 2 wherein the air interface signal 
processing module comprises a codec, a modulator/demodulator, an error 
correction circuit, and an equalizer. 

14. The system as set forth in claim 12 wherein the frequency conversion 
devices connect with a bandwidth manager that connects to an HFC link. 

1 5 . The system as set forth in claim 9 wherein the identification data relates to 
registration, origination, termination, and handoff processes. 

16. A system for integrating a wireless communication network including at 
least one public base station with a cable communication network connected to the 
wireless communication network to provide telephone service, a distribution 
network being defined that includes portions of the wireless communication 

5 network and the cable communication network, the system comprising: 

a personal base station system operative to manage and process analog 
communication signals and provide a digital network interface to the distribution 
network, the system including an interface unit to provide an interface to the cable 
communication network and an air interface signal processing module positioned 
10 in the interface unit to convert the analog signals to digital signals to be provided 
to the cable communication network and the distribution network; 

a hand set unit operative to select one of a first communication channel for 
communication through the personal base station system via the air interface 
provided by the interface unit and a second communication channel for 
15 communication through the at least one public base station; and, 

a data base structure in the distribution network and including 
identification data to facilitate communication through one of the first and second 
communication channels. 

1 7. The system as set forth in claim 1 6 wherein the interface unit further 
comprises a radio subsystem having an antenna. 
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1 8. The system as set forth in claim 16 wherein the air interface signal 
processing module comprises a module including a codec, a 
modulator/demodulator, an error correct circuit and an equalizer. 

1 9. The system as set forth in claim 1 6 wherein the identification data relates 
to registration, origination, termination, and handoff processes. 

20. A method for integrating cable and wireless communication networks to 
provide telephone service, the method comprising: 

providing a first communication channel for communication through a 
personal base station via an air interface, the personal base station connecting to 
5 the cable communication network; and, 

allowing communication through a second communication channel for 
communication through a public base station of the wireless communication 
network, 

wherein a selection of the first or second communication channel by a 
10 handset is based on proximity of the handset to the personal base station. 
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AN INTEGRATED CABLE AND CELLULAR NETWORK 



ABSTRACT OF THE DISCLOSURE 
This invention relates to an integrated cable and cellular network for 
telecommunications. More particularly, the invention is directed to a system and 

5 methods that provide seamless mobility through cable and wireless (e.g. cellular) 
communication networks to allow users to use a single mobile phone everywhere. 
The system takes advantage of a variety of features of cellular or wireless systems, 
residential systems, cellular or wireless distribution networks, mobile switching 
centers, and cable networks. Users access services according to the present 

10 invention through a combined wireless-wired infrastructure in the residence 
connected to wireless communication networks. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 

As the below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below 
next to my name. 

I believe I am the original, first and joint inventor of the subject matter 
which is claimed and for which a patent is sought on the invention entitled AN 
INTEGRATED CABLE AND CELLULAR NETWORK the specification of which 
is attached hereto. 

I hereby state that I have reviewed and understand the contents of the 
above identified specification, including the claims, as amended by an 
amendment, if any, specifically referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which 
is material to patentability as defined in Title 37, Code of Federal Regulations, 
1.56. 

I hereby claim foreign priority benefits under Title 35, United States 
Code, 119 of any foreign application(s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or 
inventor's certificate having a filing date before that of the application on which 
priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of 
any United States application(s) listed below and, insofar as the subject matter 
of each of the claims of this application is not disclosed in the prior United 
States application in the manner provided by the first paragraph of Title 35, 
United States Code, 112, I acknowledge the duty to disclose all information 
known to me to be material to patentability as defined in Title 37, Code of 
Federal Regulations, 1.56 which became available between the filing date of 
the prior application and the national or PCT international filing date of this 
application: 

None 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed 
to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Docket No. LUT 2 0035 
Case Name and No. Li 6-1 



I hereby appoint the following attorney(s) with full power of substitution 
and revocation, to prosecute said application, to make alterations and 
amendments therein, to receive the patent, and to transact all business in the 
Patent and Trademark Office connected therewith: 



Lester H. Birnbaum 
Richard J. Botos 
Jeffery J. Brosemer 
Kenneth M. Brown 
Craig J. Cox 
Donald P. Dinella 
Guy Eriksen 
Martin I. Finston 
James H. Fox 
William S. Francos 
Barry H. Freedman 
Julio A. Garceran 
Mony R. Ghose 
Jimmy Goo 
Anthony Grillo 
Stephen M. Gurey 
John M. Harman 
Michael B. Johannesen 
Mark A. Kurisko 
Irena Lager 

Christopher N. Malvone 
Scott W. McLellan 
Martin G. Meder 
John C. Moran 
Michael A. Morra 
Gregory J. Murgia 
Claude R. Narcisse 
Joseph J. Opalach 
Neil R. Ormos 
Eugen E. Pacher 
Jack R. Pen rod 
Daniel J. Piotrowski 
Gregory C. Ranieri 
Scott J. Rittman 
Eugene J. Rosenthal 
Bruce S. Schneider 
Ronald D. Slusky 
David L. Smith 
Patricia A. Verlangieri 
John P. Veschi 
David Volejnicek 
Charles L. Warren 
Jeffrey M. Weinick 
Eli Weiss 
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I hereby appoint the attorney(s) on ATTACHMENT A as associate 
attorney(s) in the aforementioned application, with full power solely to 
prosecute said application, to make alterations and amendments therein, to 
receive the patent, and to transact all business in the Patent and Trademark 
Office connected with the prosecution of said application. No other powers are 
granted to such associate attorney(s) and such associate attorney(s) are 
specifically denied any power of substitution or revocation. 



Full name of first joint inventor: Chia-Chang Li 

m^ci^. pa,„ mi**-** 

Residence: Holmdel, New Jersey 

Citizenship: United States of America 

Post Office Address: 26 Longview Drive 

Holmdel, New Jersey 07733 



Full name of second joint inventor: Krishnamurthy Raghunandan 




Residence: Holmdel 
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